Strains of Fusarium moniliforme from different geographic areas and from corn and other substrates were tested for the ability to produce fumonisins in culture. The test results indicate that the potential exists for production of fumonisins by such strains in agricultural commodities and other substrates in widespread geographic areas. 30 min. After autoclaving, an additional 11 ml of sterile distilled water was added aseptically to each flask. Each flask was inoculated with 10 7 conidia and shaken once or twice daily for 3 days to aid in even distribution of the inoculum. The flask cultures were incubated in the dark at 25 ± 2°C for 28 days.
Each corn culture was assayed for fumonisins by soaking 5 g of culture material in 100 ml of distilled water for 2 to 3 h, with mixing every half hour. This suspension was filtered through Whatman no. 1 paper in a Buchner funnel, and the filtrate was poured through a Millipore SC filter with an AP25 prefilter (Millipore Corp., Bedford, Mass.), collected, and evaporated to dryness at 65°C on a rotary evaporator.
The residue was suspended in 10 ml of water, and a 2-ml aliquot (1 g equivalent) was evaporated to dryness at 70°C under nitrogen and hydrolyzed in 2 N aqueous KOH, and the hydrolysis product was derivatized with trifluoroacetic anhydride and analyzed by gas chromatography-mass spectroscopy (GC-MS) as previously reported (10). The detection limit for this GC-MS method for fumonisin B 1 was about 1 ppm in corn cultures. Results obtained by thin-layer chromatography for cultures that produced more than 300 to 400 ppm of fumonisin B 1 agreed well with the GC-MS results. One microliter of the suspended residues was spotted on a silica thin-layer chromatography plate along with standards and developed in acetonitrile-water (85/15 The fungus Fusarium moniliforme Sheldon (13) occurs worldwide on a variety of plant hosts and is one of the most prevalent fungi associated with dietary staples such as corn. Since its original description in 1904 (7), this fungus has been suspected of being involved in human and animal diseases and has been shown to be toxic to a variety of experimental animals (4, 5) . In 1988, Bezuidenhout et a1. (1) characterized the structures offumonisins, a new group of mycotoxins that had been purified from cultures of F. moniliforme (3) . Fumonisin B 1 ( Fig. 1 ) is the major fumonisin present both in cultures and in naturally contaminated samples (10, 12, 15) . It is the only fumonisin for which toxicity data have been reported. Fumonisin B 1 has been shown to have cancerpromoting activity in rats (3), to cause equine leukoencephalomalacia (6), and to be associated with porcine pulmonary edema (11) . Much of the work reported has been on fumonisins from F. moniliforme MRC 826 isolated from moldy home-grown corn in an area of southern Africa with a high rate of human esophageal cancer (5) . The purpose of this study was to examine strains of F. moniliforme other than MRC 826 from different geographic areas and from corn, other cereals, and miscellaneous substrates for the ability to produce fumonisins in culture.
The cultures of F. moniliforme used in this study were obtained from the culture collection of the Fusarium Research Center, The Pennsylvania State University. All cultures were isolated originally on a modified pentachloronitrobenzene medium (8) selective for Fusarium species, mass transferred to potato dextrose agar and carnation leaf agar, and identified (2, 8) . Selected cultures were initiated from single conidia on carnation leaf agar, lyophilized, and stored at -40°C (8) . The accession number and source of each culture are given in Table 1 .
Slants containing 8 ml of V-8 juice agar medium (14) were inoculated with lyophilized cultures. The slants were grown for 1 to 2 weeks on an alternating 12-h, 25°C light-20°C dark schedule and then washed with sterile distilled water to produce conidial suspensions. Erlenmeyer flasks (300 m!) with Morton closures were filled with 50 g of coarsely cracked corn and 11 ml of distilled water and autoclaved for VOL. 57, 1991 NOTES 2411 dehyde reagent and charring it (3). The detection limit of this confirmatory procedure was 300 to 400 ppm. Ninety strains of F. moniliforme were grown on cracked corn, and the cultures were analyzed for fumonisins by hydrolysis-GC-MS and confirmed by thin-layer chromatography. The fumonisin B 1 levels produced are reported in Table 1 . These strains were selected for analysis specifically to represent a wide range of substrates and geographic areas. In most cultures, three fumonisin homologs were detected by the GC-MS procedure. The predominant fumonisin homolog present was B 1 , which typically accounted for 70 to 95% of the total fumonisins measured. The other two fumonisins detected were B 2 , which lacks the hydroxyl group at C-10 of the backbone (3, 4) , and a newly characterized isomer of B 2 , the structure of which will be reported separately (9) . None of the A series fumonisins were detected in any cultures. The corn used as the substrate for this study had a low but detectable level of naturally occurring fumonisin B 1 (1 to 2 ppm).
The fumonisin B 1 level of replicate cultures grown at the same time was reproduced within ±20 to 30%, which was approximately the standard deviation of the GC-MS analysis procedure. In addition, replicate cultures were grown at different times and tested for production of fumonisin B 1 . Some cultures were initiated from V-8 slants grown for 1 to 2 weeks and stored at 4°C for 0 to 9 weeks. Other cultures tested were initiated from fresh V-8 slants subcultured from V-8 slants that were stored at 4°C for 1 year. Cultures initiated from either source had only slightly greater variability in fumonisin B 1 production than did replicate cultures grown at the same time.
There was considerable variation in the amounts of fumomsms produced by strains from different sources but, in general, less variation among strains from the same source. For example, fumonisin B 1 was produced by most (95%) of the strains from corn-based feed that had been associated with equine leukoencephalomalacia, all of the strains from good quality corn for use in poultry feed, and all of the strains from corn silks in Iowa at either the intermediate (50 to 500 ppm) or high (>500 ppm) level. In contrast, of the 10 strains from Nepal, all but 1 were low-level producers (trace to 49 ppm). Strains from millet and sorghum grain from Africa, from a corn-based laboratory rat diet, and from sorghum from Australia were low-and intermediate-level producers primarily, although a few strains in some groups were high-level producers. It is of particular interest that most (85%) of the strains from mycotic keratitis, ulcers, and various types of cancer in humans were intermediate-or high-level producers. Although there is some variation in the amounts of fumonisins produced, the potential for production in natural substrates and agricultural commodities certainly exists in strains from a variety of substrates and geographic areas.
